Pathways leading to apoptotic neurodegeneration following trauma to the developing rat brain.
Trauma triggers diffuse apoptotic neurodegeneration in the developing rat brain. To explore the pathogenesis of this phenomenon we investigated the involvement of three possible mechanisms: death receptor activation, activation of the intrinsic apoptotic pathway by cytochrome c release into the cytoplasm, and changes in trophic support provided by endogenous neurotrophins. We detected a decrease in the expression of bcl-2 and bcl-x(L), two antiapoptotic proteins that decrease mitochondrial membrane permeability, an increase in cytochrome c immunoreactivity in the cytosolic fraction, and an activation of caspase-9 in brain regions which show apoptotic neurodegeneration following percussion brain trauma in 7-day-old rats. Increase in the expression of the death receptor Fas was revealed by RT-PCR analysis, Western blotting, and immunohistochemistry, as was activation of caspase-8 in cortex and thalamus. Apoptotic neurodegeneration was accompanied by an increase in the expression of BDNF and NT-3 in vulnerable brain regions. The pancaspase inhibitor z-VAD.FMK ameliorated apoptotic neurodegeneration with a therapeutic time window of up to 8 h after trauma. These findings suggest involvement of intrinsic and extrinsic apoptotic pathways in neurodegeneration following trauma to the developing rat brain. Upregulation of neurotrophin expression may represent an endogenous mechanism that limits this apoptotic process.